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INTRODUCTION
Postcanine teeth are used in oral processing of food for diminishing particle size before digestion. For this reason, and given that tooth size relates in part with the total amount of food processed, many researchers have suggested that there must be a relationship between tooth size and individual metabolic requirements. For example, Pilbeam & Gould (1974) indicated that tooth size scales to the 0.75 power of skull length, a measurement used as a proxy of body mass. The value of the exponent (3/4) was the one considered by that times as universal for metabolic relationships (Kleiber, 1961) . Therefore, variation in tooth size, especially when concerning the dimensions of postcanine teeth, was conceived by Pilbeam & Gould as reflecting differences in metabolic requirements among mammals. This interpretation resulted in a myriad of articles aimed to evaluate the relationship between tooth size and body mass in different primate groups (for review, see Copes & Schwartz, 2010) .
In several studies the exponent adjusted was positive, which was interpreted as indicating a relationship of tooth size with metabolic rate. In others, the scaling exponent did not depart from the expectations of isometry (2/3), which provided evidence of an incidental variation of tooth size resulting from changes in body mass. Finally, some studies showed negative exponents.
In the specific case of primates, the results obtained from regressions between body size and teeth size has been ambiguous and/or uneven, due to the wide variety of variables used, the taxonomical groups included and the number of available observations. So the things, several studies provided allometrically negative slopes (Kay, 1975; Vinyard & Hanna, 2005) ; others, isometrically slopes, interpreted as that variation in teeth size is an incidental consequence of body size variation (Gingerich, 1977; Kay) ; finally, several studies gave positive allometrically slopes what was used to support the seminal proposal of Pilbeam & Gould about the significance of the relationship between teeth size and metabolic requirements (Pilbeam & Gould; Smith et al., 1996; Vinyard & Hanna) . However, the starting point for most analyses on the relationship between tooth size and metabolic requirements is the scaling relationship that both variables show separately with body mass. The only exception is the study of Vinyard & Hanna for strepsirrhines, in which the relationship between basal metabolic rate and postcanine tooth size was evaluated directly. However, as indicated by McNab & Eisenberg (1989) , "A similarity in scaling, therefore, is alone an inadequate basis for concluding that a functional connection exists between (postcanine tooth size and metabolic requirements), even though such similarity has been widely used in this manner".
On the other hand, it has been widely assumed that the basal metabolic rate scaled geometrically in respect to body mass following the elastic similarity (3/4) (Glazier, 2005; Kleiber) . However, the universality of such affirmation has been questioned (Kolokotrones et al., 2010; Lovegrove, 2000; White et al., 2009 ). Nevertheless, two previous studies on primates have pointed out that it is not possible to discard the 'traditional' metabolic exponent (~0.75) for such taxonomic group even controlling for phylogenetic effects (Genoud, 2002; White et al.) .
The inferences derived from exponents adjusted in the regression of tooth size on body mass are ambiguous and/or mixed, which results to a great extent from the diversity of variables used and/or taxonomic groups included in the analyses. For this reason, it seems necessary to evaluate the direct relationship of postcanine tooth size on metabolic requirements, because the mere 'equivalence between exponents' may not be reliable and the number of cases analyzed in previous studies uses to be low.
The objectives of this study are to evaluate: (1) which is the metabolic exponent derived from the relationship between body mass and metabolic requirements in a large dataset of living primates; and (2) which is the relationship between tooth size and metabolic requirements.
MATERIAL AND METHOD
Data compiled from the bibliography on postcanine tooth size, body mass and basal metabolic rate for 28 primate species were used (Table I) . Occlusal surface area of postcanine teeth (PCOA, in mm 2 ) was calculated from data published for strepsirrhines (Vinyard & Hanna) and haplorrhines (Plavcan, 1990) by multiplying the mesiodistal length (MD) by the buccolingual breadth of the first two upper molars (M 1 and M 2 ). Basal metabolic rates (BMR, in ml O 2 /h) were obtained from Isler et al. (2008) for those primate species with reliable measurements that could be compared. Body masses were taken from Smith & Jungers (1997 (Table II) . When the regression involves two volumes, the isometric slope is 1. If a surface is regressed on a volume, the expected slope is 2/3. When the independent variable is linear and the dependent one a volume, the value is 3. Finally, a surface should scale on a linear variable with exponent 2. Given that the metabolic exponent is obtained from a regression between two volumes (basal metabolic rates, measured in ml/h, and body masses, proportional to animal volumes), the value expected for isometry is 1. For this reason, in order to test if equivalence of exponents holds, the value for isometry must be multiplied by the metabolic exponent (3/4) ( Table II) .
Regression functions adjusted by ordinary lestsquares (OLS) and reduced major axis (RMA) were estimated using the statistical package PAST 1.0 (Hammer et al., 2001 ).
The ordinary least square (OLS) is the most used fitting technique, among other reasons because it is the technique included by default in the most of the statistic software packages. However, regressions adjusted by the means of OLS assume that the independent variable (Kleiber) is measured without error. When this assumption is violated, OLS underestimates the value of the correct slope, increasing the magnitude of such error when the correlation between variables decreases (Harvey & Pagel, 1991) . On the other hand, the use of OLS is appropriated when the relationship between variables is asymmetric. On the contrary, if we assume that such relationship is symmetric it is possible to use another fitting technique, the reduced major axis (RMA) (Smith, 2009) . Though, in the vast majority of the cases of biological data, errors (measurements -technique and sampling-and equations -natural and measurement-) in both Finally, given that the species analysed are part of a hierarchically structured phylogeny, data collected from them do not necessarily satisfy the condition of statistical independence, thus hindering traditional (i.e., ahistorical) statistical analyses (Felsenstein, 1985; Harvey & Pagel) . This translates in spuriously narrow confidence limits for the statistics used (i.e., increased type I error) and inaccurate estimations of the parameters of interest (Harvey & Pagel) . Both problems, however, can be largely circumvented by including phylogenetic information into the statistical analyses, in order to obtain phylogenetically independent data. For this reason, the original variables were transformed into their corresponding contrasts according to Phylogenetic Generalized LeastSquares (PGLS) by the means of the use of COMPARE 4.6b (Martins, 2004) as it is described by Martins and Hansen (Martins & Hansen, 1997) . COMPARE calculates the relationship between traits, while also taking phylogeny and within-taxon variation into account. A simple exponential model of constrained phenotypic evolution is applied, with an estimated alpha parameter (a) used to indicate the strength of the evolutionary constraint. When both within-species variation and the evolutionary constraint are close to zero, PGLS results will be identical to those produced using Felsenstein's independent contrasts method.
Composite trees, including branch length estimations, were constructed for reconstructing the phylogenetic relationships among the primate species studied (Isler et al.) . Tables III and IV show the results obtained in the regression analyses. The slopes adjusted were statistically different from zero in all cases, with the only exception of the one obtained for the relationship between postcanine tooth size and basal metabolic rate when the effects of body size are discarded. All these regressions, except the last one, provided very high correlation coefficients (r > 0.90) and very low p values (<0.0001). The null hypothesis for isometry [H 0 (ß 1 = isom)] was rejected for the relationships between basal metabolic rate and body mass (OLS, RMA and PGLS), because the slopes were allometrically negative in all cases. It was also rejected for the regressions of postcanine tooth size on body mass (OLS and PGLS), as the slopes were again significantly lower than the ones expected from isometry. On the contrary, the null hypothesis of isometry can be accepted for the relationship between basal metabolic rate and postcanine surface area (OLS, RMA and PGLS).
RESULTS
In addition, the null hypothesis of an exponent of 0.75 was rejected for the slopes between postcanine tooth size and body mass, with independence of the technique used in the adjustment.
Lastly, it is relevant to point out that, regarding the phylogenetic influence, there exist differences respecting each variable (Table IV ). In the case of the regression between body size and basal metabolic rate and between this and the size of postcanine occlusal area, the phylogenetic influence is high because the ∂ values are close to zero. However, the phylogenetic influence is smaller for the relation between both, body and postcanine sizes, because the a value departs from zero. 
OLS

DISCUSSION
For the same regressions, the fitting slopes calculated by OLS [OLS(ß 1 )] are shallower than the ones generated by RMA [RMA(ß 1 )] because the value of the second ones is obtained dividing the first ones by their respective coefficient of determination OLS(r): RMA(ß 1 ) = OLS(ß 1 )/OLS(r).
However, the values estimated for the slopes in this study tend to be similar with independence of the technique used in the adjustment (OLS or RMA). The reason is that the correlation coefficients obtained are remarkably high, close to one. However, the functional interpretation of the slope obtained for the relationship between tooth size and body mass depends on the regression method employed, because isometry ca not be discarded using RMA and can be rejected with OLS.
In this specific case, the result does not seem to be related with this rule because the OLS(r) is very high (0.97) and therefore its influence in the RMA(ß 1 ) calculation is minimal.
As it has been pointed out in the objectives of this study, it is important to discuss the relation between body mass and basal metabolic rate. In previous studies (Genoud; White et al.) it has been stated that basal metabolic rate would scale following an allometrically negative slope in respect to body mass (~0.75). This study coincides with such results, as the slopes are negative, without being able to discard the 3⁄4 exponent, that points at (1) that there exists a significant bias in the sample used in the present study and (2) that such relation is independent of the phylogeny technique which uses PGLS instead of the Felstentein Independent Contrast (FIC) which were the techniques used in the two previous studies we referred to. Facing the FIC, PGLS is a much more flexible technique as it takes into account the strength of the evolutionary constrains.
Although different researchers have criticized the universal nature of Kleiber's law (Kolokotrones et al.; Lovegrove; White et al.) , the results obtained in this study using PGLS instead of FIC allow to propose that primates follow such metabolic pattern.
For this reason, it is worth discussing here on: (1) the validity of the 'equivalence between exponents' argument, as initially proposed by Pilbeam & Gould, which implies that the relationship of tooth size on metabolic requirements results from the similar relationships that both variables show with the body mass of animals; and (2) which is the contribution of our study to this debate.
Given the 'equivalence between exponents', the fact that occlusal surface area of the first two upper molars and body mass show negative allometry for primates implies that it is not possible to infer a functional link between tooth size and metabolic requirements. Such results coincide with those obtained in previous studies (Gingerich; Kay; Vinyard & Hanna) . However, the present study goes further; the result obtained here for the relationship between the estimates of basal metabolic rate and the dimensions of postcanine teeth is highly significant. Therefore, the existence or absence of a relationship between two variables depends on the p value of the null hypothesis H 0 (ß 1 =0), which is independent of the value obtained for the slope when any of these variables is regressed on a third one (McNab & Eisenberg) .
A different matter is if the positive allometry found for tooth size on body mass reflects the metabolic function of postcanine teeth. Metabolic rate scales with negative allometry on body mass in primates. Therefore, in order to interpret that the variation in the size of a metric variable relates to body mass as a function of the metabolic requirements of animals, the allometric exponent obtained should be negative (i.e., 0.75 with respect to isometry). However, given that the area of postcanine teeth is a bidimensional variable that correlates with body mass, which is a tridimensional one, the exponent value equivalent to 0.75 would be 0.5 (i.e., 0.75*2/3). Thus, the question is: why is there a persistent tendency to interpret the positive exponent of the regressions between tooth size and body mass as evidencing the metabolic function of postcanine teeth?
An explanation comes from the misinterpretation of Pilbeam & Gould, who proposed that "Since we are plotting tooth area against a measure of length, slopes significantly greater than 2 will indicate positive allometry." However, they affirmed later "If tooth area increases as metabolism at the 0.75 power of body weight, we predict a slope of 2.25 (0.75*3.0)." This would be only valid if the area of postcanine teeth were a tridimensional variable (see Table II ), but given that it is a bidimensional one, then the slope should be 1.5 (i.e., 0.75*2). In any case, body size emerges as a determining factor for the relationship between tooth size and basal metabolic rate.
Therefore, if we resort to an approach based on 'equivalence between exponents', the value of the slopes obtained between a tridimensional variable, body mass, (independent variable) and another bidimensional one, the postcanine occlusal area (dependent variable) should approximate to 0.75*(2/3), that is, 0.5 and therefore be allometrically negative.
The use of the 'equivalence between exponents' had and still has a clear practical sense, as there are variables that can not be measured in extinct organisms. One is their basal metabolic rate, which is a key for deriving ecophysiological inferences on ancient taxa. However, given the results shown here, it is necessary to introduce a cautionary note for those conclusions based on the 'equivalence between exponents', which can represent a major limitation for making inferences on the fossil record.
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RESUMEN:
El significado funcional del tamaño de los dientes, y más concretamente del tamaño de la dentición poscanina, ha contribuido al desarrollo de una vasta literatura científica. No obstante, casi todos estos trabajos se han centrado en la 'equivalencia entre exponentes'. Así, cuando el tamaño de los dientes escala siguiendo una pendiente de 0,75 respecto al tamaño corporal se interpreta que las diferencias en tamaño reflejan los cambios en los requerimientos metabólicos. Si, por el contrario, el exponente obtenido es cercano a la isometría, la inferencia que se establece es que el cambio en el tamaño de la dentición es una consecuencia incidental del cambio en el tamaño corporal. En este artículo mostramos los resultados de un estudio en el que se han evaluado las relaciones entre el área de la dentición poscanina (PCOA) y la tasa metabólica basal (BMR) en 28 especies de primates. Los resultados obtenidos indican, en primer lugar, que existe una fuerte correlación entre BMR y PCOA, incluso cuando el efecto de la filogenia es controlado. Sin embargo, cuando se evita el efecto del tamaño no se puede descartar que la pendiente sea igual a cero. En segundo lugar, cuando se realiza una regresión usando el tamaño corporal (BM) como variable independiente y PCOA como dependiente, la pendiente obtenida es alométricamente negativa, lo que se mantiene cuando se controla para la filogenia. Dado que los resultados son contradictorios, sugerimos que la regla de la 'equivalencia entre exponentes' no es una buena aproximación para obtener inferencias sobre la función de la dentición poscanina. El argumento para la existencia o no de una relación entre dos variables debe de estar basada en el valor de p usado para testar la hipótesis nula H 0 (ß 1 =0) la cual es independiente del valor tomado por cada una de esas variables (PCOA y BMR) cuando es regresada sobre una tercera (BM). En cualquier caso, el tamaño corporal emerge como un factor clave en la relación entre el tamaño de la dentición poscanina y la tasa metabólica basal en primates PALABRAS CLAVE: Tamaño de la dentición poscanina; Tasa metabólica basal; Alometría; Tamaño corporal.
